Background: The presence of certain underlying medical conditions is known to increase the risk of pneumococcal disease in persons of all ages and across a wide spectrum of conditions, as demonstrated in two recent evaluations. Corresponding estimates of attributable economic costs have not been well characterized. We thus undertook a retrospective evaluation to estimate rates and costs of pneumococcal disease among children and adults with and without underlying medical conditions in the United States. Methods: Data were obtained from three independent healthcare claims repositories. The study population included all persons enrolled in participating health plans during 2007-2010, and was stratified into subgroups based on age and risk profile: healthy; at-risk, due to selected comorbid conditions; and high-risk, due to selected immunocompromising conditions. At-risk and high-risk conditions, as well as episodes of invasive pneumococcal disease (IPD) and all-cause pneumonia (PNE), were identified via diagnosis, procedure, and drug codes. Rates and healthcare costs of IPD and PNE (2010US$) among at-risk and high-risk persons were compared with those from age-stratified healthy counterparts using incidence rate ratios (IRR) and cost ratios. Healthcare costs totaled $21.7 million per 100,000 at-risk person-years and $58.5 million per 100,000 high-risk person-years, which were 8.7 [8.5-8.8] and 23.4 [22.9-23.8] times higher than corresponding costs for healthy persons. Conclusions: Rates and costs of IPD and PNE are substantially higher among persons with certain chronic and immunocompromising conditions versus those without any such conditions. Rates and costs for persons with asthma and diabetes were especially increased, and rates and costs for individuals with ≥2 at-risk conditions approached those among persons with high-risk conditions.
Background
Streptococcus pneumoniae (pneumococcus) has long been recognized as a major cause of serious but uncommon invasive diseases such as meningitis and bacteremic pneumonia, and much more common non-invasive diseases such as non-bacteremic pneumonia and acute otitis media. Not surprisingly then, the economic burden of pneumococcal disease in the United States (US) has been reported to be substantial. In one recent evaluation, Huang and colleagues estimated the direct cost of pneumococcal disease among persons of all ages in the US to have been $3.5 billion in 2004 [1] . In another evaluation, Weycker and colleagues estimated the direct cost of pneumococcal disease among older US adults (i.e., persons aged ≥ 50 years) to have been $3.7 billion in 2007 [2] . Finally, Wroe and colleagues projected that from 2004-2040, as the size of the US population grows (especially the elderly) and absent intervention, the number of hospitalizations for pneumococcal pneumonia will nearly double and the total economic burden of pneumococcal pneumonia will increase by $2.5 billion annually [3] .
In the study by Weycker et al., the effect of patients' underlying risk of pneumococcal disease on both the cost per case of disease and the overall economic burden of pneumococcal disease were examined, but only to a limited extent [2] . We therefore examined in greater detail, and for persons of all ages, the clinical and economic burden of pneumococcal disease in the US in relation to underlying risk status. Risk profiles were determined by the presence of selected underlying chronic illnesses that are currently listed in guidelines promulgated by the US Advisory Committee on Immunization Practices (ACIP) as indications for pneumococcal vaccination, as well as conditions that might increase the risk of infection based on limited data from other studies [4] [5] [6] [7] .
Methods

Study design
A retrospective cohort design was employed. Study cohorts were identified at the beginning of each calendar year of observation-from 2007 to 2010-and study subjects were stratified in terms of age and the presence of underlying medical conditions (i.e., risk profile) based on information recorded at any time prior to January 1 st of that calendar year. For each cohort, episodes of invasive pneumococcal disease (IPD) and all-cause pneumonia (PNE) were ascertained during the 1-year period beginning on January 1 st of each corresponding year and ending on December 31 st of that year (or date of loss to followup, if earlier). (All-cause PNE was selected as a study measure-rather than pneumococcal pneumonia-because pneumococcal pneumonia is under-reported in healthcare claims and~30 % of all cause PNE is estimated to be due to Streptococcus pneumoniae [7, 8] . Stratum-specific rates of IPD and PNE (per 100,000 person-years) were estimated over the entire study period. Subjects who met criteria for inclusion in multiple calendar years contributed data to each cohort for which they were eligible.
Data source
Data were obtained from three large integrated healthcare claims repositories and spanned January Common Procedure Coding System (HCPCS)], and quantity of services (professional-service claims). Data available for each outpatient pharmacy claim included the drug dispensed, dispensing date, quantity dispensed, and number of days supplied. Medical and pharmacy claims also included amounts paid by health plans and patients for services rendered, or standardized estimates of the cost of services. In addition, selected demographic and eligibility information (including age/year of birth, sex, geographic region of residence, and dates of plan eligibility) were available.
The study databases were de-identified prior to their release to study investigators. The study databases have been evaluated and certified by independent third parties to be in compliance with the Health Insurance Portability and Accountability Act (HIPAA) of 1996 statistical de-identification standards and to satisfy the conditions set forth in Sections 164.514 (a)-(b)1ii of the HIPAA Privacy Rule regarding the determination and documentation of statistically de-identified data. Use of the study databases for health services research is therefore fully compliant with the HIPAA Privacy Rule and federal guidance on Public Welfare and the Protection of Human Subjects [9] . Permission to use the data sources for analyses described herein was requested by study investigators and was granted by the data vendors. Detailed descriptions of the three healthcare claims repositories are provided in the Additional file 1.
Study population
The study population comprised all persons of all ages who were enrolled in participating health plans on the first day of one or more calendar years from 2007 to 2010. Study subjects were stratified based on their age (0-17, 18-64, and ≥65 years) and risk profile ("healthy", "at-risk", and "high-risk") as of the beginning of each year. At-risk persons included those who were immunocompetent with ≥1 chronic medical condition. High-risk persons included those who were immunocompromised, immunosuppressed, or had a cochlear implant. At-risk and high-risk categories were mutually exclusive and thus, for example, persons considered immunosuppressed because of cancer were included in the high-risk category only, even if they also had an at-risk condition. Healthy persons included those without evidence of atrisk or high-risk conditions.
The lists of at-risk and high-risk conditions included all those set forth by the ACIP in its recommendations for pneumococcal vaccination; the at-risk list also included the following conditions: asthma, chronic steroid use, trisomy 21, prematurity/low birth weight, neuromuscular/seizures disorders, rheumatoid arthritis, systemic lupus erythematosis, and Crohn's disease [10] . At-risk and high-risk conditions were ascertained using information (i.e., ICD-9-CM diagnosis codes, ICD-9-CM/ HCPCS procedure codes, and drug codes from the HCPCS/National Drug Code [NDC] systems) recorded any time prior to the beginning of the study year. Persons with at-risk conditions were stratified by the number of conditions; those with asthma and diabetes were further stratified by disease severity. Operational algorithms that were employed to identify at-risk and highrisk conditions are set forth in Additional file 1: Tables S1  and S2 .
Persons who were not continuously eligible for comprehensive health (i.e., medical and drug) benefits for at least 1 year prior to January 1 st of ≥1 corresponding years were excluded from the study population. Infants (i.e., those <12 months of age as of January 1 st ) in a given year, were not subject to this exclusionary criterion.
Study measures
Study measures included episodes and associated healthcare costs of selected manifestations of pneumococcal infection, including IPD and PNE. All-cause pneumonia was chosen as an outcome measure in preference to pneumococcal pneumonia because, although S. pneumoniae infection is recognized as the most common cause of pneumonia, the diagnostic code for pneumococcal pneumonia appears uncommonly in healthcare claims data (due to the relatively small number of times S. pneumoniae is successfully cultured in clinical practice from patients with pneumonia).
Episodes of IPD and PNE were ascertained beginning on January 1 st and ending on December 31 st of each study year (or the date of loss to follow-up, if prior to December 31st). Disease episodes requiring inpatient care were identified using operational algorithms based on ICD-9-CM diagnosis codes, and spanned the duration of hospitalization. Episodes of IPD requiring outpatient care only were identified based on ICD-9-CM diagnosis codes and HCPCS/NDC codes for antibiotic therapy (±5 days), while episodes of PNE requiring outpatient care only were identified based on ICD-9-CM diagnosis codes, CPT codes for chest x-ray, and HCPCS/ NDC codes for antibiotic therapy (±5 days); outpatient episodes spanned a maximum of 90 days (Additional file 1: Table S3 ). Multiple episodes during a given study year were included if they were separated by at least 90 days.
A disease-attributable approach was used to estimate healthcare costs whereby expenditures for diseaserelated services rendered during the episode of care were tallied. Disease-related services were identified based on diagnosis codes (principal diagnosis only on inpatient claims), procedure codes, and drug codes. The cost of inpatient episodes included hospitalizations, ambulatory visits, and pharmacotherapy during the episode; the cost of outpatient episodes included all outpatient visits and pharmacotherapy during the episode. Costs were estimated using healthcare expenditures reported on claims (i.e., amounts reimbursed to healthcare providers by health plans and patients for services rendered), and were expressed in 2010 US dollars.
Analyses
Crude analyses were undertaken to estimate rates of disease episodes (per 100,000 person-years) within each age group by risk profile and individual risk condition, using data from all three study repositories. Differences in rates of disease-and corresponding 95 % confidence intervals (CIs)-between at-risk/high-risk persons and healthy counterparts were expressed as incidence rate ratios (IRR) using Poisson regression analysis.
Mean episodic costs of IPD and PNE by age and risk profile were estimated using data only from the MarketScan Database since it was the only source for which we had access to detailed patient-level data. Costs of IPD and PNE (per 100,000 person-years) by age and risk profile-as well as corresponding differences and 95 % CIs between risk groups-were estimated by combining sampled rates of disease (from all three data sources) and sampled age-and risk-specific unit costs (from MarketScan) via techniques of non-parametric bootstrapping (percentile method, 1000 replications with replacement). All analyses were conducted using SAS® 9.3 for Windows® (SAS Institute Inc., Cary, NC, USA).
Results
Risk profiles
Children (aged 0-17 years) who qualified for inclusion in the study contributed a total of 26.5 million personyears of observation (Table 1) . Approximately 92 % of children had none of the selected chronic or immunocompromising conditions, 8 % had ≥1 at-risk condition (and no high-risk conditions), and <1 % had a high-risk condition. Among children with at-risk conditions, asthma (63 %), prematurity/low birth weight (13 %), neuromuscular/seizure disorders (10 %), and chronic lung disease (10 %) were the most common. Of children with ≥1 at-risk condition, 7 % had ≥2 such conditions. Adults aged 18-64 years and ≥65 years contributed 79.9 million and 11.4 million person-years of observation, respectively. Approximately 79 % of adults aged 18-64 years had none of the selected chronic or immunocompromising conditions, while 17 % had ≥1 at-risk condition (and no high-risk conditions) and 4 % had a high-risk condition. The most common conditions in this age group were diabetes (43 %), chronic heart disease (23 %), and asthma (16 %); 18 % had ≥2 of any of the listed at-risk conditions. The prevalence of at-risk and high-risk conditions in persons aged ≥65 years was 39 % and 15 %, respectively; the most common conditions were chronic heart disease (52 %), diabetes (50 %), and chronic lung disease (19 %); 32 % had ≥2 such conditions.
Clinical and economic burden
Rates of IPD and PNE were consistently higher among at-risk persons of all ages (IRR = 4. Cost per IPD episode was generally similar across risk groups, while the cost per PNE episode was highest for the high-risk population followed by the at-risk and healthy populations (Table 2) . Differences in economic costs of IPD and PNE per 100,000 person-years, by risk profile and number of at-risk conditions, were roughly the same as those for disease rates (Figs. 1 and 2) .
Although high-risk persons were a small proportion of the total, they accounted for a substantial proportion of total costs (Fig. 3) . On an overall basis, high-risk persons constituted only about 4 % of the population, but accounted for 18 % of cases of IPD/PNE and 30 % of the total cost of IPD/PNE. Similarly, persons with ≥2 at risk conditions, while constituting only 3 % of the total population, accounted for 21 % of total IPD/PNE costs. Economic costs increased in a graded fashion by severity Figure S1 ) and diabetes (Additional file 1: Figure S2 ).
Discussion
Our results, based on analyses of data from three large repositories of healthcare claims, suggest that the increased rates of pneumococcal disease associated with certain comorbid conditions (i.e., among at-risk and high-risk persons) are closely aligned with increased healthcare costs in these populations. Elevated rates and higher episodic costs of IPD and PNE in at-risk and high-risk populations resulted in total healthcare costs that were 3-43 times higher (per 100,000 personyears)-depending on age and condition-compared with age-stratified healthy counterparts. Among adults aged 18-64 years, for example, the annual cost of PNE (per 100,000 persons) increased from $1.8 million for healthy persons, to $13.9 million for at-risk persons, and to $50.4 million for high-risk persons. Underlying the higher overall costs are increasing rates of disease (from 458, to 1652, to 3094 per 100,000 persons) and increasing mean cost per episode of disease (from $4247, to $8789, to $16,775). The increase in mean cost per episode is especially pronounced for cases of disease requiring inpatient care ($18,224, $21,815, and $31,233 across risk groups), which correlates with longer mean length of stay in hospital (12.8 days, 17.0 days, and 23.4 days, respectively). While a similar finding was expected for IPD, these results were not robust due to the relatively small number of identified episodes. Remarkably, while at-risk persons with ≥2 conditions and highrisk persons accounted for only 8 % of the population, they were responsible for more than 50 % of total IPD/ PNE costs. In addition, among persons with at-risk conditions, elevated costs increased in a graded and monotonic fashion with the number of conditions present, and rates and costs of PNE were particularly high among persons with severe asthma and diabetes versus those with less severe disease. The pattern of increasing costs across increasing levels of risk is similar to that observed in the abovecited prior study of the burden of pneumococcal disease among older US adults [2] . Although the risk categories considered in the two studies are similar, n  13  4  17  227  13  240  271  29  300  525  411  936  8480  7651  16,131 17,809 11,165 28,974 INP inpatient, OP outpatient Fig. 1 a Annual cost of invasive pneumococcal disease per 100,000 healthy, at-risk, and high-risk persons. b Annual cost of all-cause pneumonia per 100,000 healthy, at-risk, and high-risk persons Fig. 2 a Annual cost of invasive pneumococcal disease per 100,000 persons with at-risk conditions -by number of conditions -versus their healthy counterparts. b Annual cost of all-cause pneumonia per 100,000 persons with at-risk condition -by number of conditions -versus their healthy counterparts direct comparisons of costs with the prior study are challenging because they were estimated from different sources and were presented in a different manner. In the prior study, for example, direct costs of inpatient care were estimated on the basis of reported charges for the relevant conditions in the 2004 Healthcare Cost and Utilization Project Nationwide Inpatient Sample (HCUP NIS), after "stepping-down" costs to charges using hospital-specific cost-to charge ratios. In the current study, inpatient costs were estimated from paid amounts available in healthcare claims. In the prior study, costs were presented for the entire US population of older adults (i.e., those aged ≥50 years) stratified into four age groups, while in the current study costs were presented per 100,000 adults aged 19-64 years and ≥65 years, respectively. Two additional findings merit further discussion. First, rate and cost ratios for IPD and PNE were similar. This finding likely is explained by two factors. The predominant manifestation of IPD is bacteremic pneumonia-69 % of all cases in the US in 2012-and pneumococcus is believed to be the leading bacterial cause of all-cause pneumonia [8, 10] . Thus, to a considerable extent, these two outcomes overlap and represent the same clinical manifestation-pneumococcal pneumonia. In addition, conditions that predispose to pneumonia caused by S. pneumoniae may increase the risk of disease due to other pathogens. For example, chronic lung disease probably increases the risk of pneumonia caused by influenza virus. The second finding was that rate ratios were smaller in older persons. We believe this finding to be a manifestation of the general decrease in immunocompetence that occurs with advancing age and that almost certainly diminishes the risk gradient between "healthy" older adults and those with established chronic medical conditions. While healthcare claims databases provide information on large numbers of patients with specific diagnoses and the associated healthcare utilization, several limitations from the use of such databases for our study should be noted. First, use of operational algorithms and healthcare claims data resulted in an underestimation of the incidence of IPD (e.g.,~8 per 100,000 children <5 years of age) compared with national estimates from the Centers for Disease Control and Prevention (e.g.,~20 per 100,000 children <5 years of age) [10] . For IPD, it is likely that sometimes only the ICD-9-CM diagnosis code for unspecified septicemia or bacteremia is recorded on the healthcare claim form, without an accompanying diagnosis code for pneumococcus. Thus, while such encounters would be correctly identified as invasive disease, they would not be correctly identified as IPD. In addition, private healthcare claims databases-like the ones used in this study-include information for commercially insured populations, which often have an overall lower risk of disease. We note, however, that the age distribution of IPD cases in our study is similar to the distribution that has been reported by the Centers for Disease Control and Prevention (CDC). While it is not possible to formally evaluate the accuracy of our caseascertainment algorithms within the context of this study, we did evaluate the sensitivity of our study results by employing alternative approaches to characterizing risk profiles and individual conditions. In one approach, relevant data available during the calendar year were considered as evidence that such conditions were present at the beginning of the calendar year, while in another approach, such evidence was treated as a change in risk status during the calendar year. Analyses also were conducted using less restrictive (i.e., more sensitive) algorithms in which any diagnostic, procedure, or drug information was considered evidence that such conditions were present. In addition, analyses were conducted by individual calendar year, with varying durations of look-back to ascertain risk profiles (e.g., ≤1 year for 2007, ≤4 years for 2010). Across all of the abovedescribed analyses, our findings were largely unchanged.
Second, persons with public or no health insurance are not represented in the study databases, potentially limiting the generalizability of study results to other populations. Third, the costs of PNE are not a substitute for the costs of pneumococcal pneumonia, and thus our study undoubtedly overestimated the absolute clinical and economic burden of pneumococcal disease. For this reason, our study focused on rate ratios and cost ratios, rather the rates and costs per se. Assuming that the costs of pneumococcal pneumonia are similar to the costs of pneumonia due to infection with other pathogens, the costs of pneumococcal pneumonia would be proportional to the percentage of all-cause pneumonia due to S. pneumoniae, recently estimated for community-acquired pneumonia at 27 % (95%CI 21-29) [8] . Fourth, this study employed a retrospective cohort design and data from three large integrated healthcare claims databases to increase the precision of estimates. Although the three study databases comprise information from unique health plans and thus do not overlap at the plan level, it is possible that claims information from different time periods for the same patient may appear in each extract (and cannot be linked because of unique encrypted IDs). We believe such occurrences to be rare and the potential bias-if any-to be minimal. Finally, we did not include data on pneumococcal vaccination status in our analyses due to the lack of reliable information on this subject.
Several generic limitations of retrospective studies based on healthcare claims data also should be noted. All healthcare claims databases contain errors of omission and commission in coding, which undoubtedly results in some misclassification of study outcomes. Certain biases in coding may exist such that patients who, for example, are hospitalized for IPD or PNE may be more likely to have selected underlying at-risk/high-risk conditions listed as primary/secondary diagnoses on their claims, all else equal. Moreover, information often is not available for one or more clinically important parameters (in our study, for example, blood glucose/ glycated hemoglobin [HbA1c] for diabetes, ejection fraction/New York Heart Association [NYHA] Class for heart failure), and pertinent medical history can be leftcensored (e.g., diagnoses recorded before the time period of the study database are unobservable). The impact of these limitations on our results cannot be assessed within the scope of this study.
Conclusion
In conclusion, the results of this study demonstrate that rates and costs of pneumococcal disease remain disproportionately high in persons with at-risk and high-risk conditions in the current era of widespread pneumococcal vaccination. Study results also demonstrate that rates and costs for individuals with ≥2 at-risk conditions approached those among persons with high-risk conditions, and that the rates and costs for persons with asthma and diabetes were especially increased.
Ethics
Because the study databases were de-identified prior to their release to study investigators, their use for health services research is fully compliant with the HIPAA Privacy Rule and US federal guidance on Public Welfare and the Protection of Human Subjects. Formal IRB approval was therefore not required.
Availability of data and materials
Use of the data for analyses described herein is restricted via license agreements between study investigators and the data vendors, and thus the data are not publically available. Use of the data sources for future research may be obtained via user-specific license agreements with the data vendors. (2) participated in drafting the article or revising it critically for important intellectual content (JE, RAF, SIP, KMS, DRS, DW); and (3) approved the version to be published (JE, RAF, SIP, KMS, DRS, DW). The study sponsor, Pfizer Inc., reviewed the study research plan and study manuscript; data management, processing, and analyses were conducted by PAI, and all final analytic decisions were made by study investigators. DW confirms that he had full access to all the data in the study and had final responsibility for the decision to submit for publication.
